This paper presents physical and mechanical properties of cementitious composites/plasters containing cellulosic fibers in portion 2.0% and 5.0% of filler replacement after 28 days of hardening. Cellulosic fibers (Greencel) originated from bleached wood pulp and unbleached waste paper used in this experimental work were characterized from the point of view cellulose structure. Experimental investigations reveal that adding cellulosic fibers reduces composites density (up to 8.2 %) in comparison with composites without any fibers. Moreover, the presence of wood pulp and recycled fibers in composites cause higher values of water absorbability than sample without fibers. Also, the decrease in compressive strength values for tested fiber cement plasters was observed (14.1 -18.0 MPa) in comparison to reference sample (26.6 MPa). But the identified compressive strength values are in accordance with European standard (5 MPa) for plasters.
Introduction
The utilization of plant fibers, as a fast renewable and biodegradable source, in building materials is dated from long before. A mix of straw and clay were used as materials for construction purpose in ancient Egypt and China. However, an upward interest was recorded on use natural fibers for the application to cement based composites in last three decades, considering the increasing environmental fears and awareness of industrial pollution [1, 2, 3] . The increasing interest is in the use of natural fibers especially as the reinforcing material in composites with inorganic or organic matrix because of their availability, low weight, renewability, and satisfactory mechanical properties. Composites reinforced with natural ligno/cellulosic fibers are used in application such as automotive interior parts, construction, and packaging [4] . Natural cellulosic fibers such as cotton, hemp, jute, flax, ramie, sisal, bagasse, specialty fibers processed from wood, agricultural waste and etc., available for concrete and cementitious materials as reinforcement (significant enhancement in the properties of cementitious materials). These fibers are obtained from renewable resources and are readily available at relatively low cost compared to man-made fibers. The advantages of utilization of natural fibers as a raw material for cement composites are tremendous in terms of environmental, energy and resource conservation [5] . The research results indicated that the addition of cellulosic fibers can improve physical and mechanical properties of cementitious materials. The density reduction, the increase in the flexural strength [6] , control of the initiation and growth of micro-cracks [7] , and improvement of the impact resistance [8] composites based on cellulosic fibers were recorded. Cement composites reinforced by natural fibers are most suitable for foundation floor for machinery in factories, fabrication of light weight cement based roofing and ceiling boards, wall plaster, and construction materials for low-cost housing [9] . The factors influencing the physical and mechanical properties of natural fibers reinforced cement composites can be divided into three major categories. The first one is the type and characteristics of reinforcing fibers. The second and third important factors are the nature of the cement base matrix (and mix design) and the way of mixing, casting and curing of these composites respectively. One of the most dominating factors influencing the mechanical properties of fiber-cement composites is a homogeneous distribution of the reinforcing fibers in the cement matrix [10] . Agricultural waste fibers are widely available in most countries and can be used as suitable materials for brittle cement matrix reinforcement. Taking into account the excellent mechanical properties of fibers, with a suitable mix design, it is possible to develop a material with appropriate properties for building purposes [11] . Recently, the sustainable development policies have drawn the attention on researchers for implementation of waste materials and fibers to the production of building materials [12] . In the work [13] , there has been used industrial waste as a secondary raw material in restoration plaster where were tested its physical, mechanical and thermal properties. Behavior of cement composite using wastepaper fibers has been investigated and compared to fiber-cement composites manufactured with virgin wood cellulose fibers [12] . The accessibility of non-commercial fibrous wastes also supports their potential utilization throughout sustainable methods of production of building components [14] . This paper presents characteristics of cellulosic fibers and physical and mechanical properties of cement composites/plasters with 2.0% and 5.0% of filler replacement by cellulosic fibers. The aim of this experimental work is to review the influence of filler amount replaced by fibers on physical and mechanical properties of 28 days hardened cement composites/plasters.
Materials and Methods

Materials
In this study was used an ordinary Portland cement CEM I 42.5 N (Cement factory Ladce, Slovakia) in accordance with European standart STN EN 196-1 [15] . Natural silica sand in fraction 0-1 mm and tap water were used. Six types of cellulosic fibers, three from grey recycled waste paper fibers and three from bleached wood pulp (white), were supplied by company Greencel Ltd (Hencovce, Slovakia).
Preparation of specimens and methods of testing
Control plaster and fiber-cement plasters are made by using the same formulation but 2.0 and 5.0 wt. % of sand substituted cellulosic fibers. The mix proportion of cement specimens were designed with Cement/Sand (C/S) weight ratio of 1:3 and Water/Cement (W/C) ratio of 0.75. Preparation of fiber reinforced cement composites was carried out in two steps. The first, the cellulose pulp was dispersed in water by mechanical stirring (approximately 50 wt.% of water); and the second, cement, sand and remaining amount of water were added, and mixing continues to allow uniform fiber dispersion in the mixture. Standard prismatic specimens of size 40 x 40 x 160 mm were prepared. The marks of composite specimens with recycled waste paper fibers G-500T, G-700T and G-3/00T are RPA, RPB and RPC; for specimens with wood pulp fibers G250WT, GW500 and W640 are WPA, WPB and WPC; and for reference sample is RF, respectively. The bodies were cured and removed from the molds after 2 days and specimens were held under PVC foil for their hardening under laboratory conditions at 20 ± 2 °C and 50 ± 5 % RH next 26 days. Density, water absorbability, compressive strength of composites after 28 days of hardening were determined in accordance with standard STN EN 1015-10 [16] , STN 731316 [17] and STN EN 1015-11 [18] . Strength parameter testing was performed by using the instrument ADR 2000 (ELE International, England). Three bodies of each composite were prepared for measurements of properties.
Results
Characterization of cellulosic fibers
The SEM images of selected representative samples of two cellulosic fibers types are shown in Fig.1 . The important characteristics of samples are given in Table 1 . As is shown, cellulosic fibers from recycled waste paper fibers contain lower cellulose amount than those from bleached wood pulp. Bulk density is changing from 30 to 100 kg/m 3 . Aspect ratio as of an elemental fiber describing the proportional relationship between its length and its diameter is ranging from 18.8 to 30. Figure 1: SEM micrographs of wood pulp fibers (a) and waste paper fibers (b) at magnification 1500 times
The attention was focusing on determining the important structural parameter -degree of polymerization (DP) of cellulose that varies according to its sources, acquiring processes and further treatments. Structural changes in cellulose having a significant effect on its mechanical properties were studied by the method of size exclusion chromatography (SEC). This method allows the determination of the average cellulose chain length, measured as degree of polymerization (DP). Table 2 displays values of DP, important molecular parameters such as molecular weight values (Mn and Mw) and polydispersity index (PDI) of cellulose from different sources namely from recycled waste paper and wood pulp. Recycled waste paper fibers have slightly higher values of degree of polymerization than wood pulp fibers. Cellulose molecular weight distributions (MWD) of the representative cellulosic fibers samples constructed from chromatograms are shown in Figs. 2a and 2b. As it can be seen, the distribution is bimodal and value of PDI calculated by dividing Mw by Mn is ranging of 6.16 to 6.92. Figure 2: Cellulose molecular weight distribution of
Characterization of composite properties
The density values of fiber-cement plasters with 2 % and 5 % of cellulosic shown in Fig.3 The effect of both types of cellulosic fibers of fiber cement specimens after 28 days of hardening compressive strength values of containing 2 % and 5% of cellulosic fibers (recycled paper and wood pulp) decrease in compressive strength observed in compressive strength of fiber cement composites fibers. Specimens WPC (5 % wood pulp), RPC (2 % waste paper) and RPA waste paper show the highest compressive strength values Accordance with European standard STN EN 998 required for cement mortars for plastering is 5 MPa The strength of the bond between cellulosic fibers (waste cement matrix determines the composite properties and depends on binder. Some of the important parameters overall durability of the composite Viola Hospodarova, NadezdaStevulova, Jozef Junak, Anton Geffert, Frantisek Kacik and Cellulosic fibers have hydrophilic nature, and this attribute is causing an cement composites. The results (Fig.4) show an increase in water absorbability of cement composites with rising amount of cellulosic fibers accordance with published work [19] . Plasters reinforced with 2 % and 5 % cellulosic fibers in the range 12.2 % -13.5 %. values of composites with wood pulp were higher than water composites based on waste paper. The maximal increase in water absorbability was observed in specimens WPB and RPB with 5 % fibers (13. absorbability values of composites based on 2 % and 5 % wood pulp and recycled paper
The effect of both types of cellulosic fibers in 2 % and 5 % portion on compressive after 28 days of hardening is shown in Fig.5 compressive strength values of reference sample without fibers (26.6 MPa cellulosic fibers (recycled paper and wood pulp) compressive strength (32.3 % -46.9 %). However, slight differences were in compressive strength of fiber cement composites containing 2 and Specimens WPC (5 % wood pulp), RPC (2 % waste paper) and RPA show the highest compressive strength values ranged about dance with European standard STN EN 998-1; the minimum compressive strength cement mortars for plastering is 5 MPa [20] . The strength of the bond between cellulosic fibers (waste paper fibers and wood pulp) and the composite properties and depends on properties of filler and of the important parameters having an impact on interface overall durability of the composite are the matrix composition, binder particle size Jaroslav Briancin an increase in water an increase in water amount of cellulosic fibers in composites in 5 % cellulosic fibers higher than water The maximal increase in water fibers (13.5 % and 12.9 %).
2 % and 5 % fiber content of on compressive strengths in Fig.5 . Comparison of 26.6 MPa) and specimens cellulosic fibers (recycled paper and wood pulp) showed significant However, slight differences were containing 2 and 5 % cellulosic Specimens WPC (5 % wood pulp), RPC (2 % waste paper) and RPA (2 % and 5%) ranged about 17.3-18.0 MPa. 1; the minimum compressive strength paper fibers and wood pulp) and properties of filler and interface interaction and the , binder particle size distribution, fiber characteristics such as and volume portion [21] . Figure 5 : The effect of cellulosic fibers on the compressive strength of fiber Generally, the higher molecular [22] . But it has been found that strength properties decrease with decreasing degree of polymerization of the cellulose the mechanical properties of cellulosic fibers. Dependence of cellulose degree of polymerization on resulting values of compressive strength of fiber cement composites is shown in Fig.6 . Based on relatively large scattering of the compressive strength values of 28 days hardened composites in dependence on degree of polymerization of used cellulosic materials, no visible impact of fibers parameter on the mechanical properties of the fiber c composites. Probably, there are several reasons associated with distribution of fibers in matrix, surface properties of cellulosic fibers and their adhesion to cement particles.
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The effect of cellulosic fibers on the compressive strength of fiber Generally, the higher molecular weight of a polymer causes its higher mechanical strength it has been found that strength properties decrease with decreasing degree of polymerization of the cellulose [23] because structural changes in cellulose h the mechanical properties of cellulosic fibers. Dependence of cellulose degree of polymerization on resulting values of compressive strength of fiber cement composites is shown in Fig.6 . Based on relatively large scattering of the sive strength values of 28 days hardened composites in dependence on degree of polymerization of used cellulosic materials, structural parameter of cellulosic fibers (DP) has no visible impact of fibers parameter on the mechanical properties of the fiber c . Probably, there are several reasons associated with distribution of fibers in matrix, surface properties of cellulosic fibers and their adhesion to cement particles. 
Conclusion
In this paper, characterization of cellulosic fibers of various quality wood pulp fibers) and the effect materials based on cellulosic fibers for plasters parameter of cellulose were observed. density, water absorbability and compressive strength of fiber cement composites after 28 days of hardening were studied. Composites manufactured with cellulosic fibe weight while the water absorbability reference sample. Compressive strength values of both fiber cement samples ranging from 14.1 to 18.0 MPa. The results of testing showed that density, water absorbability and compressive strength of the fiber cement composites are influenced by characteristics of cellulosic fiber.
Dependence of cellulose degree of polymerization on resulting values of compressive strength of fiber cement composites
In this paper, characterization of cellulosic fibers of various quality (recycled waste fibers and effect of partial filler replacement (2 % and 5 materials based on cellulosic fibers for plasters is presented. Small differences in structural parameter of cellulose were observed. The physical and mechanical properties such as absorbability and compressive strength of fiber cement composites after 28 days of hardening were studied. Composites manufactured with cellulosic fibe the water absorbability increases of fiber cement composites Compressive strength values of both fiber cement samples ranging from The results of testing showed that density, water absorbability and compressive strength of the fiber cement composites are influenced by characteristics of cellulosic fiber. 
